Smart phones have become one of major electronic devices for human being. The easy and rapid exchange of information between man and machine is carried out by the touch screen panel (TSP) installed in the smart phones. Currently the smart phones are widely spread out while displays for automobiles are in the initial stage of developments. Since the automobile displays should fit the curved area of indoor space of the vehicle, the TSPs for automobiles need to be fabricated on the flexible and stretchable substrate film. In this study, we selected the thermoplastic polyurethane film as the substrate film and examined the materials and process for fabrication of metal mesh type transparent conducting electrode films suitable for TSPs of automobile displays. The optimum UV resin system was established by the evaluation of various UV resin formulations in the UV imprinting process to make 3 × 3.5 µm trench patterns on the metal mesh type electrode film utilizing the embossed metal mask plate. The Ag paste has also been prepared by synthesis of Ag nanoparticles and formulation with the binder polymers. The inlay (filling) of Ag paste in the trench layer of transparent electrode film showed that the variation of electrical resistance was within 10% upon bending up to 100,000 times to radius of 3 mm.
Introduction
The automobile displays are becoming an important part of display devices owing to the connected car issue as shown in recent consumer electronics show (CES) and mobile world congress (MWC). Some luxury cars have multiple displays including central information display (CID), rear seat entertainment and head-up displays [1] [2] . Among these, CID is the key display for automobile industry. The touch screen panel (TSP) is widely employed in the CID and its size is gradually increasing [3] . In this study a 12-inch TSP has been fabricated utilizing a flexible and stretchable substrate film. As the size of TSP increases, the indium tin oxide (ITO) film should be replaced with a metal mesh type conducting electrode film due to the high electrical resistance of ITO film [4] . We selected thermoplastic polyurethane film as the substrate film of flexible TSP since the fabrication of TSP module requires curved surface to fit in the CID panel of the automobile. Although the TSPs fabricated on the rigid transparent film like polyethyleneterephthate (PET) films have been widely used, those on transparent flexible and stretchable films have not been reported in depth, especially for automobile displays [5] [6] . The formulation of photosensitive UV resin and silver paste are key materials for the low electrical resistance and high transparency of the TSP for automobile application. The preparation of the two important materials and the application processes have been examined.
Experiments
The transparent films tested as substrate for metal mesh type conducting electrode films include polyimide (PI-100), thermoplastic polyurethane (TPU-100 and TPU-150), another polyurethane (PU-100) and nylon (Nylon-100), obtained from Kolon Industries, Korea. The UV oligomer and monomers for formulation of photosensitive UV resins are shown in Figure 3 , obtained from CCTech. Co., The inlay (filling) of the silver paste was carried out with scratching equipment. 
Result and Discussion

Substrate Films and Properties
The mechanical and optical properties of the substrate films are important subject of TSP for application to automobile industry. We have chosen five different transparent films including polyimide (PI-100) film, thermoplastic polyurethane films (TPU-100 and TPU-150 the numbers indicate thickness of the film in μm),
another polyurethane film (PU-100) and nylon (Nylon-100) film as candidates. The optical properties of the five films are shown in Figure 2 and Table 1 . The optical properties of the five films were similar and all films satisfied the specifications for Figure 1 . UV imprinting process of mesh type electrode pattern on the TPU film. 
UV Resin Formulation and Properties
The formulation of UV resin is important in the UV imprinting process due to two reasons. First the UV resin affects the demolding of the substrate film on which fine mesh electrode patterns were formed after UV curing off the embossed metal mold.
Second, the optical and mechanical properties of the substrate film with UV imprinted electrode pattern layer are also dependent on the formulation of photosensitive UV resin. The structures of UV monomers used in the formulation are shown in Figure 3 .
In order to check the basic demolding and optical properties of the mesh electrode patterned film, a simple UV resin formulation was prepared which were composed of F-150 polyurethane oligomer, IBOA, 2-EHA and PI-TPO photoinitiator dissolved in 2-HEMA monomer (25 wt%) as shown in Table 2 (a). Here F-150 UV oligomer was included to have a good adhesion to the TPU-150 substrate film. IBOA and 2-EHA monomers were employed to achieve the balance of hard and soft monomers which affect he demolding of electrode patterned TPU film off the metal mold. The test films were obtained in three different ways 1) UV resin only, 2) unpatterned UV resin layer/TPU film and 3) patterned UV resin layer/TPU film by using UV imprinting method as shown in Table 2 (b).
From Table 2 (b) the two-layer film fabricated with UV imprinted electrode pattern on substrate film exhibited improved optical property compared to the film made with flat (without pattern) UV resin layer on TPU film, especially the optical properties like haze and b* value. This may be due to the index matching effect of two-layer film and interference of light in the patterned two-layer film.
After confirming that the two-layer films consisted of patterned mesh electrode the mechanical and other process properties of the composite film were examined. Several issues are involved in the relationship among the UV resin formulation and mechanical/process properties of the two-layer film. The improvements of UV resin formulation are explained in Table 3 . This may be due to the steric hindrance effect of methyl group in the MMA monomer during the UV curing process. When the MMA monomer was replaced with methylacrylate (MAC) (UVX-10), the UV curing was found to proceed under a normal UV dose of 100 mJ. However, the adoption of MAC monomer in the UV formulation caused the environmental problem of bad smell.
So we reformulated the UV resin without MAC monomer as shown in UVX-11.
The next important task of UV resin formulation was to solve the clean demolding of the two-layer film off the embossed metal mold after UV curving process. The UV resin formulations for this purpose are shown in Table 4 . The UV formulation (UVX-11) exhibited good electrode pattern with dimension of 5 × 5.5 (width × depth) µm. When we used the UVX-11 resin formulation to pattern the mesh electrode layer with dimension of 3 × 3.5 µm, the electrode pattern after demolding showed some defect as shown in Figure 4 .
The difficulty of demolding 3 × 3.5 µm mesh electrode layer on TPU double layer film off the embossed metal mold seemed to be due to the increased interfacial Table 4 . UV resin formulations for improving the demolding of the metal mold with the electrode pattern size of 3 × 3.5 µm. 
Ag Paste, Inlay and Electrode Performance
After establishing the optimum condition for patterning of trench type mesh electrodes, the formulation of Ag paste and its inlay (filling) into electrode trench (3 µm width) and the properties of the completed transparent conducting electrode film were examined. The Ag nanoparticles were used to prepare stretchable Ag paste samples by using three different binder polymers (polyurethane, polyester, epoxy resin) and BYK dispersant in ECA/r-butyrolactone (r-BTL) = 50:50 wt% mixture solvent as shown in Table 5 . The Ag pastes in Table 5 were tested by screen printing on the newly made stretchable polyurethane film of thickness 150 µm (utilizing the Clear Flex 30 A and B resin obtained from Smmoth-on Inc., U.S.A.) on which crosslinked polyester masking layer was coated to a thickness of 3 µm according to the author's previous work [7] . After screen printing the polyurethane film with polyester masking layer, the electrode pattern was cured thermally at 130˚C for 30 min in [8] .
The Ag paste with polyester-1 binder polymer (AgP-2) showed wider strain range than AgP-3 paste with polyester-2 from Figure 7 . However, the adhesion of Ag paste with polyester-2 binder polymer (AgP-3) to the substrate film was better than that of Ag paste with polyester-1 binder, thus polyester-2 was selected as binder polymer of Ag paste.
Having selected the polyester-2 as binder polymer we further modified the formulation of Ag pastes for the low electrical resistance and good adhesion to mesh electrode layer. The good adhesion of Ag paste to the trench layer made of UVX-15 resin is important because the depth of Ag paste filled in the trench layer is less than 3.5 µm which is labile to the strain deformation. The modification of Ag pastes is shown in Table 6 . Here the Ag pastes (Ag T-1 and Ag T-2)
showed lower electrical resistance than Ag T-3 paste. The electrical resistance usually decreases with the increasing Ag nanoparticles and decreasing binder polymer which is a non-conductor. It was noted that the effect of decreasing the Figure 7 . The surface resistance vs. strain curves (a) and optical microscope images (b) of the screen printed Ag pastes made with formulations in Table 5 . Table 6 .
The comparison between AgT-1 and AgT-2 pastes also indicated that there is a limit to the decrease of binder polymer which could not guarantee the adhesion to the trench layer surface.
After optimizing the Ag paste formulation for inlay (filling) into the trench layer, the Ag paste (AgT-2) was filled in the trench layer by using scratching machine. Figure 8 shows that the Ag paste was filled well in the trench layer both in the sensor part and bezel part.
The variation of electrical resistance of the Ag paste (AgT-2) filled electrode film upon bending to 3 mm radius upto 100,000 times was 8.8% (the specification 10.0%) as shown in Figure 9 .
This basic research on the materials and process of metal mesh type TSP fabrication will be a sound foundation for use in the automobile display industry. 
Conclusion
Touch screen panels (TSPs) for automobile application require a flexible and stretchable substrate film. In this work a thermoplastic polyurethane film was selected as a substrate film for fabrication of mesh type electrode patterns by using photosensitive UV resin. In the mesh electrode patterning the balance of hard and soft monomer in addition to the balance of multifunctional monomer and monofunctional monomer were found important for the optical and mechanical properties of UV resin formulation, especially the demolding process after UV curing off the finely patterned metal mold. It was also noted that the formulation of silver pastes is very important for the inlay process and balance between the low electrical resistance and bending test up to 100,000 times with radius of 3 mm. The nano-sized silver particles were found to give the low electrical resistance of 4 -5 Ω/square in combination with the polyester binder polymer with high molecular weight (Mw = 35,000 g/mol) and low glass transition temperature (T g = 16˚C).
